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THREE DIMENSIONAL LEAD INSPECTION 
SYSTEM 

BACKGROUND OF INVENTION 

This invention relates to devices for inspecting the leads 
of integrated circuit or semiconductor devices. KnoWn semi 
conductor device lead inspection systems are used to deter 
mine the position and orientation of semiconductor device 
leads after manufacture to ?nd defects in the leads, such as 
bent leads, tWeeZe leads and the like. Prior art systems are 
mainly intended to provide a tWo dimensional vieW of the 
leads, Which cannot be used to measure the lead standoff and 
coplanarity. In some cases, tWo or three imaging devices 
With various vieWing angles are used to inspect device leads. 
In existing devices, the position of lead standoff may be 
measured from an optical reference such as a track upon 
Which the semiconductor device is positioned for purposes 
of inspection. In this event, the accuracy of positioning the 
device on the inspection station can affect the accuracy of 
the measurements of the lead positions. 

It is an object of the present invention to provide images 
of a semiconductor device and its leads Which provides 
geometrical information of the lead positions With respect to 
the edge of the semiconductor device body. 

SUMMARY OF THE INVENTION 

According to the invention there is provided an apparatus 
for providing ?rst and second backlit images of a semicon 
ductor device edge and leads extending therefrom, the 
images being representative of ?rst and second vieWing 
angles corresponding to ?rst and second different optical 
axes, as measured in a plane perpendicular to the device 
edge. At least one illuminator provides diffuse backlight 
illumination of said device edge and leads along the ?rst and 
second optical axes. A triangular prism is arranged With a 
?rst optical surface facing the device edge and intersecting 
the ?rst and second optical axes, a second optical surface 
forming an acute angle With the ?rst optical axes, and a third 
optical surface. The ?rst and second surfaces are at selected 
angles to the ?rst and second optical axes to cause a ?rst 
image of the device edge and leads along the ?rst optical 
axis to be re?ected by the second optical surface and emerge 
from the third optical surface in direction corresponding to 
a third optical axis, and to cause a second image of the 
device edge and the leads along the second optical axis to be 
re?ected by the second optical surface and the ?rst optical 
surface and emerge from the third optical surface in a 
direction corresponding to the third optical axis. 
A camera is arranged to capture the ?rst and second 

images along the third optical axis. In one arrangement the 
illuminator is an illuminated platform for holding the device. 
The camera may be arranged on a side of the device opposite 
the illuminated platform When the device is received on the 
platform. In one arrangement for providing backlit images 
of device edges and leads on tWo opposite sides of a 
semiconductor device, there are provided tWo triangular 
prisms on opposite sides of the device and on opposite sides 
of the third optical axis. In a preferred arrangement the ?rst 
and second optical surfaces intersect at an angle of about 30 
degrees. The prism may be a right angle prism, or an 
isosceles triangular prism, Wherein the ?rst and second 
optical surfaces form equal angles With the third optical 
surface. The third optical surface may be perpendicular to 
the third optical axis. The ?rst and second optical paths 
preferably intersect the second optical surface at an angle 
that is greater than the critical angle, measured from the 
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2 
normal direction of the second optical surface, and the third 
optical axis preferably intersects the ?rst optical surface at 
an angle that is greater than the critical angle, measured from 
the normal direction of said ?rst optical surface. 

According to the invention there is provided a method for 
forming ?rst and second backlit images of a semiconductor 
device edge and leads extending therefrom, Wherein the 
images represent ?rst and second vieWing angles corre 
sponding to ?rst and second optical axes as measured in a 
plane perpendicular to the device edge. The device edge and 
leads are illuminated With backlight diffuse illumination 
radiating in the directions of the ?rst and second optical 
axes. A triangular prism is arranged having a ?rst optical 
surface facing the device edge, a second optical surface 
forming an acute angle With the ?rst optical surface and a 
third optical surface. A ?rst image of the device edge and 
leads is re?ected by the second optical surface in a direction 
emerging from the third optical surface corresponding to a 
third optical axis. A second image of the device edge and 
leads is re?ected by the second and ?rst optical surfaces in 
a direction emerging from the third optical surface corre 
sponding to the third optical axes. The ?rst and second 
images are captured along the third optical axis. 
The illumination may be supplied by at least one illumi 

nator arranged to radiate in the direction of the ?rst and 
second optical axes toWard the device edge and leads. The 
?rst and second backlit images may be captured on a single 
image plane of a camera on a side of the device opposite the 
illuminator. TWo of the prisms may be provided on opposite 
sides of the device; Whereby the ?rst and second images of 
the edges and leads on opposite sides of a semiconductor 
device are re?ected in directions corresponding to the third 
optical axis; and Wherein the ?rst and second images of each 
of the device edges and leads are captured. 

For a better understanding of the present invention, 
together With other and further objects, reference is made to 
the folloWing description, taken in conjunction With the 
accompanying draWings, and its scope Will be pointed out in 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of an imaging system for purposes of 
de?ning terminology. 

FIG. 2 is a further draWing of an imaging system for 
purposes of de?ning terminology. 

FIG. 3 is a diagram illustrating the arrangement of a ?rst 
embodiment of the present invention. 

FIG. 4 is a draWing illustrating an alternate embodiment 
of the inspection station and illuminators for use in the 
embodiment of FIG. 3. 

FIG. 5 is a draWing illustrating a second embodiment of 
the present invention. 

FIG. 6 is a representation of an image formed using the 
FIG. 3 apparatus. 

FIG. 7 is a draWing identifying prism angles. 
FIG. 8 is a geometrical draWing for purposes of explain 

ing a calculation of lead positions using the FIG. 5 images. 
FIG. 9 is a draWing shoWing calculations for computing 

lead positions using the FIG. 5 images. 

DESCRIPTION OF THE INVENTION 

Referring to FIGS. 1 and 2, there is shoWn an arrangement 
for imaging an object 18 in an object plane 12 onto an image 
plane 20, for purposes of explaining the terminology used in 
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the present application. An imaging system, having a lens 14 
With an axis of symmetry 16 for imaging objects 18 in an 
object plane 12 onto an image plane 20 is conventionally 
referred to as having an optical axis 16, Which frequently is 
the axis of symmetry of lens 14. Those skilled in the art Will 
recogniZe that an image of object 18 in object ?eld 12 Will 
be formed as image element 22 in image plane 20. The 
extent of object ?eld 12 naturally depends upon the siZe of 
the image plane 20 and the geometric con?guration of the 
imaging system. In connection With describing the present 
invention, the optical axis 16 of a camera containing a lens 
14 and an image plane 20 is generally referred to as 
describing the central axis of the imaging system, such as 
optical axis 16. It Will be recogniZed by those skilled in the 
art that the actual light paths from object 18 to object image 
22 folloWs a direction 24 and includes light at the periphery 
of lens 14 folloWing optical paths 26 and 28 Which are 
diffracted by lens 14 in connection With forming object 
image 22. The light paths 24, 26 and 28, While having 
directions Which are different than that of optical axis 16, are 
referred to herein as corresponding to the optical access, 
since the optical axis 16 relates to the center of image plane 
20 and objects on one or the other side of optical axis 16 Will 
form images in object plane 20. 

FIG. 2 shoWs a con?guration Wherein a re?ector 30, such 
as a mirror or an internally re?ecting surface of a prism is 
used in connection With the formation of an image of an 
object on an object plane 20. Mirror 30 has the effect of 
re?ecting an image on optical axis 16R into optical axis 16. 
The actual light rays from objects 24R, 26R and 28R are 
likeWise re?ected by mirror 30. In connection With describ 
ing the present invention, the image of object 18R, Which 
folloWs paths 24R, 26R and 28R via mirror 30 to object 
image 22 in image plane 20 are said to correspond to optical 
axis 16R. Mirror 30 re?ects, or more generally “de?ects” the 
image from a direction corresponding to optical axis 16R to 
a direction corresponding to axis 16. 

FIG. 3 is a diagram illustrating a ?rst embodiment of the 
present invention for providing images of semiconductor 
device edges and leads Which extends from the edges. A 
camera, such as a digital CCD camera 40, is arranged With 
an optical axis 42 facing toWard a device inspection station 
containing semiconductor device 44. Device 44 in the con 
?guration of FIG. 3 ?ts on an inspection station track or 
platform 48 Which provides diffuse backlight illumination of 
the edges and leads 46 of device 44. The diffuse illumination 
is over a range of directions Which include directions 
corresponding to optical axis 50 and directions correspond 
ing to optical axis 60. Platform 48, may, for example, 
comprise a transparent plastic platform having etched sur 
faces Which cause diffusion of light. Light may be supplied 
to platform 48 by use of embedded LED’s or by providing 
other internal illumination Which causes the surfaces of 
platform 48 to provide diffuse backlight illumination for 
vieWing of the edges and leads of semiconductor device 44. 

In the embodiment of FIG. 3 there are provided ?rst and 
second prisms 36 and 38 for de?ecting backlit images of the 
edges on each side of device 44 and leads 46 for imaging in 
camera 40. Prism 36 is a right triangular prism having 
optical surfaces 51, 52 and 53. Light emanating from the 
diffuse illuminator 48 generally along a ?rst optical axis 50 
passes through ?rst prism optical surface 51 and is internally 
re?ected by second optical surface 52 onto a path 54 Which 
is re?ected by ?rst optical surface 51 along direction 56, 
Which corresponds to the ?rst optical access 42, so that a ?rst 
backlit image of the edges and leads 46 of semiconductor 
device 44 is formed in the image plane of CCD camera 40. 
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4 
Light emitting from illuminator 48 along a second optical 

axis 60 is re?ected by optical surface 52 and emerges from 
optical surface 53 along a direction 62 corresponding to 
optical axis 42 of camera 40. The image of the edges of 
device 44 and leads 46 along optical axis 60 accordingly 
forms a second backlit image in camera 40. 

Those skilled in the art Will recogniZe that a prism 
provides total internal re?ection When the angle of incidence 
of light along optical axis 50 or 60 strikes re?ecting surface 
52 at an internal angle of incidence Which exceeds the 
“critical angle” as measured from the internally normal 
direction of surface 52. This must take into account diffrac 
tion Which occurs at optical surface 51, through Which the 
image along optical axes 50, 60 passes. The image re?ected 
by optical surface 52 along path 54 should likeWise be at an 
angle that is greater than the critical angle measured from the 
normal of optical surface 51. LikeWise direction 56 corre 
sponding to optical axis 42 is preferably at an angle to 
surface 51 that is greater than the critical angle. In the 
arrangement of FIG. 3, prisms 36 and 38 are triangular right 
angle prisms having an angle betWeen surfaces 51 and 52 
Which is preferably about 30 degrees. 

Referring to FIG. 6 there is shoWn the image of the 
semiconductor device 44 and its leads 46 as formed on the 
image plane of CCD camera 40 using the structure of FIG. 
3. A ?rst sub-image of each edge labeled P in FIG. 5 is 
formed near the center of the image plane of CCD camera 
40 and represents the backlit image along optical axis 50, as 
re?ected by surfaces 52 and 51. Right and left re?ected 
sub-images R representing the semiconductor device edges 
and leads on tWo opposite sides of the semiconductor device, 
as re?ected internally by surface 52 in prisms 36 and 38 are 
formed to the sides of the image plane and represent images 
of the semiconductor devices edges and leads 46 taken along 
a vieWing angle corresponding to optical axis 60. 

Those skilled in the art Will recogniZe that from the 
images P and R of FIG. 6 it is possible to determine the X, 
Y and Z positions of the leads 46 With respect to the edges 
of semiconductor body 44. The image P taken along optical 
axis 50, shoWn in FIG. 3, together With the image R taken 
along optical axis 60 enables the determinations not only of 
the X and Y positions of the leads 46 from edges of the 
semiconductor device 44 but also a determination of the Z 
position, Which corresponds to the lead standoff, Which is the 
spacing betWeen the lead edges and the semiconductor 
device body in the vertical direction of FIG. 3. 
A segment of the geometrical layout of the virtual image 

of the device is illustrated in FIG. 9 to determine lead 
standoff in the Z direction. Lead standoff is the distance 
measured from lead tip, denoted as point P (x1, y1, Z1) to the 
device edge, denoted as point R (x0, yo, 0) in Z-axis. As every 
measurement is made reference to the device edge, the Z 
value of point R is equal to Zero. When image routes along 
direction 62 and 56 are extended, as shoWn in FIG. 3, and 
intercept at point P and point R on virtual image of the 
device A, as shoWn in FIG. 8, the angle made betWeen the 
tWo image routes is 180°—2(I> (see FIG. 7). Both Value 1 and 
Value 2 are measured from the captured image as shoWn in 
FIG. 6. Value 1 is measured from tip to the body device in 
sub-image R Whereas Value 2 is measured from tip to the 
body device in sub-image P. Coordinates x and y of both 
points can be determined from tWo dimensional prospective. 
It is therefore that lead standoff, Z1 is derived from the 
folloWing equations: 
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: (Value 1 — WA)/tan(l80 — 2(1)) 

knowing that 

RV+VW=Value 2 cos(180—2/1)/cos(2<I>+2,u-270) 

and 

PB=UR+RV+VW 

As a result, 

UR=(Value 1-(RV+VW)tan(180—2/1))/tan(180—2<I>)—(RV+VW) 

RV=Value 1 tan(180—2,u)-UR 

Hence, 

lead standoff=RV cos(180-2,u) 

FIG. 4 is drawing illustrating an alternate arrangement for 
illuminating the leads 46 and edges of device 44 in connec 
tion With the practice of the present invention. In the 
illustration of FIG. 4 semiconductor device 44 is arranged on 
a track 70 Which has side surfaces 72 and 74 Which are 
illuminated respectively by diffuse light sources 76 and 78. 
The illumination of surfaces 72 and 74 provide by re?ection 
diffusion backlight illumination of the edges of device 44 
and projecting lead 46. 
An alternate embodiment of the invention is shoWn in 

FIG. 5, Wherein prisms 80, 82 are isosceles triangle prisms, 
Which have side surfaces of equal length and at equal angles 
to surface 83, Which is approximately perpendicular to 
optical axis 42. 

While there have been described What are believed to be 
the preferred embodiments of the invention, those skilled in 
the art Will recognize that other and further changes and 
modi?cations may be made thereto Without departing from 
the spirit of the invention, and is intended to claim all such 
changes and modi?cations as fall Within the true scope of the 
invention. 

I claim: 
1. Apparatus for providing ?rst and second backlit images 

of a semiconductor device edge and leads extending 
therefrom, said images representative of ?rst and second 
vieWing angles corresponding to ?rst and second different 
optical axes as measured in a plane perpendicular to said 
device edge, comprising: 

at least one illuminator providing diffuse backlight illu 
mination of said device edge and leads along said ?rst 
and second optical axes; 

a triangular prism having a ?rst optical surface facing said 
device edge and intersecting said ?rst and second 
optical axes, a second optical surface forming an acute 
angle With said ?rst optical axes, and a third optical 
surface, said ?rst and second surfaces being at selected 
angles to said ?rst and second optical axes to cause a 
?rst image of said device edge and leads along said ?rst 
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6 
optical axis to be re?ected by said second optical 
surface and emerge from said third optical surface in 
direction corresponding to a third optical axis and to 
cause a second image of said device edge and said leads 
along said second optical axis to be re?ected by said 
second optical surface and said ?rst optical surface and 
emerge from said third optical surface in a direction 
corresponding to said third optical axis; and 

a camera arranged to capture said ?rst and second images 
along said third optical axis. 

2. Apparatus as speci?ed in claim 1 Wherein said illumi 
nator comprises an illuminated platform for holding said 
device. 

3. Apparatus as speci?ed in claim 2 Wherein said camera 
is arranged on a side of said device opposite said illuminated 
platform When said device is received on said platform. 

4. Apparatus as speci?ed in claim 3 for providing backlit 
images of device edges and leads on tWo opposite sides of 
a semiconductor device and including tWo said triangular 
prisms on said opposite sides of said device and arranged on 
opposite sides of about said third optical axis. 

5. Apparatus as speci?ed in claim 1 Wherein said ?rst and 
second optical surfaces intersect at an angle of about 30 
degrees. 

6. Apparatus as speci?ed in claim 1 Wherein said prism is 
right angle prism. 

7. Apparatus as speci?ed in claim 1 Wherein said ?rst and 
second optical surfaces form equal angles With said third 
optical surface. 

8. Apparatus as speci?ed in claim 7 Wherein said third 
optical surface is perpendicular to said third optical axis. 

9. Apparatus as speci?ed in claim 1 Wherein said ?rst and 
second optical paths intersect said second optical surface at 
an angle that is greater than the critical angle, measured from 
the normal direction of said second optical surface. 

10. Apparatus as speci?ed in claim 1 Wherein said third 
optical axis intersects said ?rst optical surface at an angle 
that is greater than the critical angle, measured from the 
normal direction of said ?rst optical surface. 

11. Amethod for providing ?rst and second backlit images 
of a semiconductor device edge and leads extending 
therefrom, said images representing ?rst and second vieWing 
angles corresponding to ?rst and second optical axes as 
measured in a plane perpendicular to said device edge, 
comprising: 

illuminating said device edge and leads With backlight 
diffuse illumination radiating in the directions of said 
?rst and second optical axes; 

providing a triangular prism having a ?rst optical surface 
facing said device edge, a second optical surface form 
ing an acute angle With said ?rst optical surface and a 
third optical surface; 

a ?rst image of said device edge and leads by said second 
optical surface in a direction emerging from said third 
optical surface corresponding to a third optical axis; 

re?ecting a second image of said device edge and leads by 
said second and ?rst optical surfaces in a direction 
emerging from said third optical surface corresponding 
to said third optical axes; and 

capturing said ?rst and second images along said third 
optical axis. 

12. A method as speci?ed in claim 11 Wherein said 
illuminating comprises illuminating from at least one illu 
minator arranged to radiate in the direction of said ?rst and 
second optical axes toWard said device edge and said leads. 

13. A method as speci?ed in claim 11 Wherein said 
capturing said ?rst and second backlit images comprises 
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capturing said images on a single image plane of a camera 
on a side of said device opposite said at least one illuminator. 

14. A method as speci?ed in claim 11 for imaging device 
edges and leads on tWo opposite sides of a semiconductor, 
Wherein there are provided tWo of said prisms on said 
opposite sides of said device; Wherein said ?rst and second 

8 
images of each of said edges and leads are re?ected in 
directions corresponding to said third optical axis; and 
Wherein said ?rst and second images of each of said device 
edges and leads are captured. 

* * * * * 


